) in octadecene (ODE, 70 g) was heated under an Ar atmosphere to 280 °C. Sulfur (0.08 g) in ODE (30 g) was added rapidly and the solution allowed to cool to 250 °C. This temperature was maintained for 120 s before quenching by rapid cooling. The particles were precipitated from 1:1 hexane:methanol using excess acetone, centrifuged at 7000 rpm for 3 min, and re-dispersed in hexane. Two further washing steps were carried out using hexane and acetone as solvent and nonsolvent, respectively, before finally dispersing in hexane. Ligand exchange with 3-mercaptopropionic acid (MPA) was carried out according to a literature procedure. [2] MPA (0.5 mL) was dispersed in 1:1 chloroform:methanol (10 mL) and the pH adjusted to 11 with tetramethyl ammonium hydroxide. QD-OA solution (2 mL) was added to this mixture and stirred in the dark for two days. The QDs were precipitated with excess acetone and centrifuged (7000 RPM, 3 min). The isolated particles were washed with acetone before being dispersed in water. The molar and gravimetric concentrations were determined from UV-vis spectroscopy based on the position and absorbance of the absorption maximum at λ max = 443 nm, corresponding to a diameter of 5.0 nm. [3] TEM analysis was in agreement with a diameter of 4.4±0.4 nm. 4 . To prepare ligand-free CdS quantum dots (QD-BF 4 ) with an absorption maximum equivalent to that of QD-MPA, larger oleic acid capped CdS particles were used as the starting material (λ max = 466 nm, D = 6.0±0.9 nm) in order to compensate for the known etching of the particles during ligand stripping. Both synthesis [1] [2] and stripping [4] procedures were modifications of literature procedures. A mixture of CdO (0.64 g) and oleic acid (26 g ) in octadecene (ODE, 70 g) was heated under an Ar atmosphere to 280°C. Separately, a solution of sulfur (0.08 g) in ODE (30 g) was prepared. Half of the sulfur solution was added rapidly and the solution allowed to cool to 250 °C. The remaining half of the sulfur solution was added dropwise over 2 min, after which the reaction was quenched by rapid cooling. The particles were precipitated from 1:1 hexane:methanol using excess acetone, centrifuged at 5000 RPM for 3 min, and re-dispersed in hexane. Two further washing steps were carried out using hexane and acetone as solvent and non-solvent, respectively, before finally dispersing in hexane. The resulting QD-OA solution in hexane (3 mL) was reduced to dryness and, under a N 2 atmosphere, re-dispersed in a mixture of anhydrous CHCl 3 (9 mL), anhydrous CH 2 Cl 2 (6 mL) and anhydrous N,N-dimethylformamide (DMF, 0.9 mL). Aliquots of stripping agent (Me 3 OBF 4 , 1.0 M in acetonitrile) were added slowly until the particles precipitated. The precipitate was centrifuged (7000 RPM, 3 min), dried in air for 1 min, and re-dispersed in DMF (1-2 mL). The molar and gravimetric concentrations were determined from UV-vis spectroscopy based on the position and absorbance of the absorption maximum at λ max = 445 nm, corresponding to a diameter of 5.1 nm. [3] TEM analysis was in good agreement with a diameter of 4.9±0.7 nm. , 5.38 µL) was used instead of QD-MPA. The photoreactor was sealed with a rubber septum and purged with N 2 (2% CH 4 ) for 10 min in the dark. The photoreactor was then thermostated with a water circulator at 25°C, stirred at 600 RPM and irradiated by a solar light simulator (Newport Oriel, 100 mW cm -2 ) equipped with an air mass 1.5 global filter (AM1.5G). IR irradiation was filtered with a water filter (10 cm path length) and UV irradiation with a 420 nm cutoff filter (UQG Optics). Product distribution was quantified through periodic headspace gas analysis (30 μL) by gas chromatography.
QD-BF
Centrifugation experiments. After 1 h photocatalytic H 2 production, the reaction mixture was transferred to a centrifuge tube and centrifuged for 10 min at 10,000 RPM. The supernatant was decanted and the pellet was re-suspended in fresh NaHCO 2 (4.0 M) in formic acid. For controls, the pellet was re-suspended in the same supernatant to account for losses during transfer to and from the centrifugation tube; in another control experiment, the supernatant was filtered with a 10 µm syringe filter and used for photocatalytic experiments. The resulting suspensions/solutions were transferred to a clean photoreactor which was sealed with a rubber septum and purged with N 2 (2% CH 4 ) for 10 min in the dark. The photoreactor was irradiated by a solar light simulator at 25°C (vide supra). , 2.67 µL) was used instead of QD-BF 4 . 2 mL of an aqueous solution of KOH (2.5 M) and NaHCO 2 (4.0 M) was added. The photoreactor was sealed with a rubber septum and the solution was purged with CO 2 (2% CH 4 ) for 10 min in the dark to give a KHCO 3 /K 2 CO 3 /CO 2 buffer at pH 9.7 (denoted KOH/CO 2 in the text). The photoreactor was by a solar light simulator at 25°C (vide supra). Sodium formate as the sole source of CO was confirmed by using isotopically labelled sodium formate (see below and Figure S14 ).
Inhibition experiments. After 1 h photocatalytic CO production, MPA (25 µL, 30.5 mg, 290 μmol) or Na 2 S (250 µL, 1 M aqueous solution) was added with a microsyringe. Due to its limited solubility, EDTA inhibition was studied by adding 2 mL of an aqueous solution of KOH (2.5 M), NaHCO 2 (4.0 M) and Na 2 EDTA·2H 2 O (83.3 mM) to a vial containing dried QD-BF 4 followed by a similar sample preparation (vide supra).
Gas Chromatography Analysis. Gas chromatography was carried out on an Agilent 7890A gas chromatograph. H 2 was analysed using a HP-5 column (0.32 mm diameter) at 45°C and N 2 carrier gas with a flow rate of approximately 3 mL min −1 . CO was analysed using a HP-PLOT/Q column (0.53 mm diameter) attached to a HP-5 column (0.32 mm diameter). The GC oven temperature was kept constant at 45°C, He was used as carrier gas at an approximate flow rate of 2 mL min -1 and a thermal conductivity detector (TCD) was used. Methane (2% CH 4 in CO 2 ) was used as internal standard after calibration with different mixtures of known CH 4 /H 2 /CO compositions.
External quantum yield (EQY) determination. Samples for photocatalytic formate decomposition were prepared in a quartz cuvette (A = 1 cm 2 , 1 cm path length) according to the description below. The cuvette was sealed with a rubber septum and the solution was purged for 10 min in the dark (N 2 /2% CH 4 for H 2 evolution from FA solution or CO 2 /2% CH 4 for CO evolution from aqueous solution). The cuvette was stirred at 600 RPM and irradiated with a Kodak projector lamp (CAROUSEL S-AV 2000, 250 W) equipped with a 460±10 nm narrow band pass filter (FB-460-10, Thorlabs); light intensity was measured with a power meter (ILT 1400, International Light Technologies). Product distribution was quantified through periodic headspace gas analysis (30 μL) by gas chromatography. The external quantum yield (EQY) was calculated according to equations 1 (for H 2 ) and 2 (for CO). Experimental controls confirmed both reactions to be light-dependent (Table  S2 , entries 15 and 16), however without detailed knowledge of the reaction mechanism for CO formation we are not aware of the number of photons required to form a CO molecule. We have therefore assumed that one photon is required for each CO molecule produced to avoid overestimating the EQY CO . , 17.15 µL) was added to a quartz cuvette containing a magnetic stirrer bar and the DMF was removed in vacuo. 2 mL of an aqueous solution of KOH (2.5 M) and NaHCO 2 (4.0 M) was added.
Where nH 2 and nCO is the amount of H 2 and CO generated, respectively, N A is Avogadro's constant, h is Planck's constant, c is the speed of light, t irr is the irradiation time, λ is the wavelength, I is the light intensity and A is the irradiated area of the cuvette.
Infrared Spectrometric Analysis. FTIR spectra were recorded on a Thermo Scientific Nicolet iS50 FT-IR spectrometer. A stream of CO 2 (10 mL min 
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XRD. X-ray diffraction (XRD) was conducted using an X'Pert PRO by PANalytical BV instrument.
XPS. X-ray photoelectron spectroscopy (XPS) was conducted by the National EPSRC XPS User's Service (NEXUS) at Newcastle University, UK, an EPSRC Mid-Range Facility. QD samples were loaded onto gold-coated silicon substrates and XPS analysis was performed using a K-Alpha (Thermo Scientific, East Grinstead, UK) spectrometer utilizing a monochromatic AlKα X-ray source (1486.6 eV, 400μm spot size, 36 W). Survey spectra were collected with a pass energy of 200 eV and 3 sweeps, while high resolution spectra were collected at a pass energy of 40 eV with 10 sweeps. Measurements were taken at 3 points on each sample surface to ensure consistency. Au(4f) from the substrate was used to calibrate the sample spectra with respect to binding energy. Software was used to create Gaussian fits to XPS data.
ICP. Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES) was carried out by Mr. Christopher Rolfe (Department of Geography, University of Cambridge) using a PerkinElmer Optima 2100TM DV spectrometer. Samples were digested in nitric acid for analysis.
Treatment of data.
All analytical measurements were performed in triplicate and are given as mean ± standard deviation. A minimum σ of 10 % was assumed for all experiments even where triplicate experiments gave a σ of less than 10 %. ), 4.0 M NaHCO 2 in 2.0 mL 2.5 M aqueous KOH/CO 2 , pH 9.7; absorbance was normalized with respect to the absorption maximum and spectra were stacked for clarity. For comparison, ex-situ spectrum of as-prepared QD-BF 4 dispersed in DMF was included ("DMF stock")]. Table S4 . Cumulative long-term photocatalytic H2 generation from formic acid/sodium formate using QD-MPA (100 mW cm −2 AM1.5G, λ>420 nm; 4.0 M NaHCO2 in 2.0 mL formic acid; samples were re-purged with N2 (2% CH4) after each measurement). [5] Pd@Au-NRs 10 100 n/a >460 nm, 1 sun n/a [6] AuPd-TiO2 NW 17.7 99.7 15.6 (365 nm) AM1.5, 1 sun 9 [7] Au-TiO2 NW 3.9 90.7 8.1 (365 nm) AM1.5, 1 sun 9 [7] Pd-TiO2 NW 10.9 98.2 11.6 (365 nm) AM1.5, 1 sun 9 [7] TiO2 NW 0.80 69.6 0.35 (365 nm) AM1.5, 1 sun 9 [7] Pd-Si 1.1 100 n/a visible 5 [8] Pt-Si 0.001 n/a 0.02 (633 nm) >390 nm, 2 sun 100 [9] Pt-TiO2 1.62 n/a n/a UV 5 [10] Pt-(CuIn)0.2Zn1.6S2 0.72 n/a n/a >420 nm 10 [11] Rh-N:TiO2 0.746 98 n/a 230-440 nm 4 [12] Cu-TiO2 0.83 n/a n/a UV 5 [13] RuCl2(C6H6)]2 + 12 PPh3 153.9 n/a n/a >380 5 [14] HCo[(PPh(OEt)2]4 0.59 n/a n/a >275 nm 6 [15] Co3O4-LiNbO3 0.78 n/a n/a 200-600 nm 2.5 [16] Fe3(CO)12/PPh3/tpy 2.7 "trace CO" n/a >385 nm 24 [17] Bulk CdS 0.078 n/a n/a >400 nm 12 [18] CdS-TNT TiO2 0.56 n/a 5.1 >430 nm 8 [19] Pt-CdS 1.84 n/a 20 (470 nm) >320 nm 10 [20] Pt-CdS 0.85 83 n/a >400 nm 20 [21] Pt-CdS NR 4.46 n/a 13.9 (400-700 nm) >420 nm 50 [22] CdS-NR 0.22 n/a n/a >420 nm n/a [22] Pt-CdS-QD 1.22 n/a 21.4 (420 nm) >420 nm 30 [23] Pt-CdS@Al-MHS 0.31 n/a 2.0 (420 nm) >420 nm 6 [24] Ru-CdS@Al-HMS 0.541 n/a 5.92 (420 nm) >420 nm 6 [25] CdS@Al-HMS 0.13 n/a n/a >420 nm 6 [25] Ru-CdS/ZnS NP 5.85±0.09 n/a 20 >420 nm 40 [26] CdS/ZnS NP 1.24±0.02 n/a n/a >420 nm 40 [26] CdS-TNT + WO3 0.619 n/a n/a >420 nm 3 [27] Pt-CdS-TNT 4.26 n/a n/a >420 nm 3 [27] hydrogenase-CdS 0.356 20 3.1 (IQE) 400-600 nm 3.5 [28] CdS 0.036 3.2 1.9 (IQE) 400-600 nm 3.5 [28] QD [a] Calculated on the basis of the mass of QD-MPA + CoCl2·6H2O and the individual amount of H2 evolved in the respective hour; [b] As a control to account for potential losses during transfer to and from the centrifugation vial, the solid was re-dispersed in the same supernatant. 
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Supporting Figures
